
 

Low Energy Effective Quantum Field Theories

An EFT is a QFT which describes physics

below some scale A as opposed to a

fundamental or f uh theory which is valid

up
to arbitrary high energies

Examples Every QFT known SM

More formally EITs implement expansion in

scale ratio a EA the Taylor series of

QFT As such EITs are a fundamental tool

of QFT like perturbation theory the expansion

is the coupling covenants

Perhaps the most famous example of an

Eta is the Fermi theory of week interacting
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Two types of EFTS

Wilsonian EFT integrate out physics
above some scale A using path integral

of Ole to i µ contains short dineuee fluctuations
k dimensionless

k
Expand Lefffolu Lo t E 9 O folkk i

top down difficult in practice due
to herd cutoff A

provides physical picture of renormalization

group flow for Wilson coefficient E Ci n



Operator dimension
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Terminology
k 0 relevant operator

In o marginal
k s o irrelevant

contribution vanishes for
A a

Four fermion operator of Terni theory is

irrelevant prefactor is twin This is the

reason why the week interaction
is weak

Now consider SM Lagrangian How many

L relevant operators are there

For A the irrelevant operators fade

away the remaining theory only contains

operators which are rewormetizeble in the

traditional sense



Continuum EFT these lectures

O identify low E degrees of freedom
Introduce appropriate fields

a write down most general Leff identify
expansion parameter A order tens Ty A
Note A is the physical scale where new

physics i e newdegreesof freedomenter

2 determine coefficients of terns is

Leff by matching Wilson
coefficient

compute some quantity in fun and

effective theory adjust Wilson coeffe
to reproduce full theory result

usually dim reg innead of herd

cutoff
3 Rehormalize Wilson coefficients
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Solve RG equation
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4 Compute low energy proves
in EFT
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Why EFTs

Expansion in scale ratios simplifies
computations

Symmetries

approximate chiral symmetry ma o

q
emergent heavy quark symm

Ispin flavor

Scale separation factorization
A series of simple scale problems
ins can use dimensional analysis

perturbation theory 0K for smallcouplings

It breaks down for problems with

no large scale hierarchies Problem

a bird can be solved using the renormalization

group in the
EFT



Separate perturbative from non

perturbative physics

General framework for cases where

full theory is not known e.g SM

or howperturbative CAPT

Model independent way
to parameterize effects of
unknown physics at scale A


